ABSTRACT Radiosensitivity as determined by chromosomal aberrations in lymphocytes of patients suffering from fibroadenoma (n=31) and breast cancer (n=41) and was compared with the data from those of healthy individuals (n=10). Lymphocytes from healthy control set of individuals were exposed at G 0 stage to different doses (0.5 Gy, 1.0 Gy, 2.0 Gy and 4.0 Gy) of γ-rays. As over 60% cells remained viable at a dose of 2 Gy, this dose was selected for further experimentation . Lymphocytes were cultured for 48 hours to obtain data from first mitotic metaphases. Frequencies of chromosomal aberrations namely acentric fragments, double minutes, dicentrics and rings were recorded. Lymphocytes of patients with fibroadenoma or breast cancer exhibited higher radiation sensitivity compared to lymphocytes from healthy individuals. Lymphocytes of patients with different stages of breast cancer showed an increase in the frequency of chromosomal aberrations from stage I to IV.
INTRODUCTION
There exists difference in the radiosensitivity of normal and tumor cells, as assessed from the frequency of chromosomal aberrations and incidence of micronuclei ). Sensitivity of cells to radiation is also known to vary amongst different healthy individuals, which depends on different endogenous and exogenous factors such as genetic constitution, age, sex, exposure to various life style factors and occupation.
Human lymphocytes in culture constitute an ideal test system to evaluate the cytogenetic damage induced by radiation and other environmental agents. Differences in radiosensitivity of lymphocytes between normal individuals and cancer patients can be attributed to multistep process of carcinogenesis comprising of the genomic changes in the transformation of normal cells to malignant cells.
Presence of structural and numerical defects in chromosomes have been reported in lymphocytes of fibroadenoma patients , a premalignant condition (Ozisik et al. 1994 ). Compared to carcinoma, lymphocytes from fibroadenoma patients exhibit less complex cytogenetic abnormalities (Rizou et al. 2004) . It is suggested that fibroadenoma individuals have an increased risk of developing breast cancer (Staats et al. 1998) .
Chromosomal preparations obtained from cultured lymphocytes undergoing first division after irradiation at G 0 stage with 2 Gy of γ-rays, were analyzed to record the aberrations at metaphase. It is reported that 15% of the patients receiving radiation treatment may be radiosensitive (Kagan 1988) . Several earlier studies were aimed at developing methods which can assess in vitro radiosensitivity of normal cells as a predictive assay for normal tissue response or tolerance to radiotherapy ( West et al. 1995; Guiaraud et al. 2005 ) and also may provide the basis for individualizing radiotherapy schedules ( Burnet et al. 1992 ( Burnet et al. , 1994 Mackay and Hendry 1999) . These findings also suggest the need to further carryout tests to determine chromosomal radiosensitivity of patients who are advised radiotherapy. The study described here is an attempt to examine the radiosensitivity of normal lymphocytes from healthy individuals, premalignant lymphocytes from patients with fibroadenoma and of lymphocytes of patients suffering from breast cancer.
Breast cancer patients of different stages (I-IV) and the incidence of aberrations in different age groups of patients also examined.
MATERIALS AND METHODS
Five milli liter of heparinized venous blood was collected under sterile conditions from healthy individuals (n=10), patients with fibroadenoma (n=31) and patients suffering from breast cancer (n=41). The blood samples were collected as per the institutional ethical guidelines. Cells were irradiated and cultured within one hour of collection of blood. To each of the culture vials 0.5 ml of blood was put and irradiated with γ-rays at different doses (each with 0.5 Gy, 1.0 Gy, 2.0 Gy or 4.0 Gy). Irradiation was carried out employing telecobalt unit Theratron 780C, AECL, Canada, available at the Department of Radiotherapy of Kasturba Hospital, Manipal, with mean dose-rate of 261.82 cGy/min at 78.5 cm SSD.
Cultures were set after the addition of phytohaemagglutinin (5 µg/ml-sigma), and maintained at 37°C for 48 h. Colchicine (final concentration, 5 µg/ml-sigma) was added to each vial and after 2 h cells were harvested. They were centrifuged at 800 rpm and exposed to prewarmed 0.56% KCl at 37°C for 10 min, and were then fixed in methanol: acetic acid (3:1). The fixative was changed three times, each time after centrifugation. Chromosomal preparations were obtained from fixed cell suspensions dropped on clean chilled slide, each of which was air dried. Slides were stained with Giemsa solution (6%) for 10 min and analyzed to score the frequency of chromosomal aberrations namely, acentric fragments, double minutes, rings and dicentrics (Savage 1976) .
Slides were coded and scored by single observer. Hundred metaphases were scored per subject. The data from healthy control set of samples helped in the selection of dose. Incidence of chromosomal aberrations showed a dosedependent increase with an increase in the radiation dose from 0.5 Gy to 4.0 Gy. There was an inverse relationship between radiation dose and the viability of irradiated cells, as judged from preparations using trypan blue. Taking cell viability and frequency of chromosomal aberrations it was proposed to expose cells to γ-rays at a dose of 2 Gy for further experimentation.
Data obtained from irradiated and control set of samples were subjected to regression analysis to examine dose-response relationship. Linear regression was calculated as C + α D, and linear quadratic function was calculated by the formula C + αD + βD 2 ; where C, α and β denoted estimated parameters for spontaneous and radiation induced chromosomal aberrations, and D, the radiation dose in Gy.
To identify the degree of radiosensitivity the rate of increase of aberration frequency from baseline to radiation -induced levels was recorded. Degree of increase in aberration frequency was categorized into 1.0-1.5, 1.6-2.0, 2.1-2.5, 2.6-3.0, 3.1-3.5 times and so on, by introducing a step of "0.5 times" at each level. Based on this the degree of increase of aberration frequency was divided into three levels, namely less radiosensitive (≤2 times), moderately radiosensitive (>2 to 5 times), and highly radiosensitive (>5times).
All the tests were carried out using SPSSPC 4.0 statistical software. Mean, standard deviation, standard error and 95% confidence interval of data were calculated using descriptive statistics. One-way ANOVA test was applied to measure aberrations in different subgroups. Influence of age of patients on aberration freque-ncy was assessed using multivariant ANOVA test.
RESULTS
A dose-dependent decrease in survival of cells was observed with increase in the radiation dose. Cell viability tested at 72 hours of culture using trypan blue was 75% with 0.5 Gy, 70% with 1.0 Gy, 64% with 2.0 Gy and 40% with 4.0 Gy of γ-rays. The incidence of chromosomal aberrations was found to increase with increase in radiation dose. It was 8.9%, 14%, 21% and 34% on exposure to 0.5Gy, 1.0 Gy, 2.0 Gy and 4.0 Gy of γ-rays respectively. A dose of 2.0 Gy of radiation was chosen for further experimentation, taking cell viability and chromosomal aberrations into consideration.
The study was conducted on blood samples obtained from 82 subjects. Of these the control set consisted of 10 individuals (12.2%), 31 patients with fibroadenoma (37.8%) and 41 patients (50%) suffering from breast cancer. Breast cancer patients were further grouped based on clinical stage of the cancer and stage I consisted of 8 (19.5%), stage II of 12 (29.3%), stage III of 9 (21.9%) and stage IV included 12 (29.3%) patients. Thirty seven subjects (45%) tested were over 40 years of age. Those less than 20 years were only three (<4%) and individuals in the age group of 21-40 years were forty two in number (>51%). In non-irradiated samples, higher frequency of aberrant metaphases were observed (Table 1) in breast cancer patients in comparison to fibroadenoma and control (i.e 1.7 and 3 times respectively) sets and this was statistically significant (p <0.05). Further a stage wise increase in the aberrant metaphases, i.e. in comparison to stage I, stage IV showed 3 times more aberrant metaphases (p<0.05).
SENSITIVITY OF LYMPHOCYTES OF PATIENTS WITH FIBROADENOMA
Irradiation resulted in an increase in the frequency of aberrant metaphases (Table 1) . Cells of healthy individuals showed more than two fold increase in aberrant cells on exposure to gamma rays, while cells of fibroadenoma patients exhibited more than three fold increase, and there was about six fold increase in the lymphocytes of breast cancer patients. The degree of increase was statistically significant in breast cancer set compared to control and fibroadenoma sets. Further progressive and significant increase was found from stage I to stage IV (p<0.05).
Frequency of various types of chromosomal aberrations and total aberrations are detailed in Tables 2-6. Each of the aberration types namely dicentrics, rings, double minutes, acentric fragments, exhibited an increase in their frequency in non-irradiated lymphocytes of fibroadenoma patients compared to those of the lymphocytes of healthy individuals. The increase was found to be much more higher in breast cancer patients in comparison with patients suffering from fibroadenoma. A similar trend was also observed in lymphocytes of the three groups after irradiation. Significance levels are indicated below each table.
A perusal of the data presented in Table 7 indicates that lymphocytes of healthy individuals are either less or moderately radiosensitive. A large proportion of lymphocytes of fibroadenoma patients exhibited either less or moderate radiosensitivity and only about 16% of them exhibited high radiosensitivity. Compared to this, lymphocytes of 60% breast cancer patients exhibited high radiosensitivity. Individuals of various age groups (≤20y; 21-30y; 31-40y; 41-50y; 51-60y) were examined for the frequency of cytogenetic damage (Table 8) . These individuals on irradiation, showed gradual increase in aberrations, indicating that with increase in age, there is increase in radiosensitivity.
DISCUSSION
Chromosomal aberrations caused by radiation are direct indicators of genetic damage and they are employed for the determination of radiosensitivity of individuals (Coskun et al. 2000) . The present study has been carried out to evaluate the radiosensitivity of lymphocytes of patients with breast cancer, of patients with fibroadenoma and of healthy individuals.
A total of 82 samples of lymphocytes obtained from forty one cases of breast cancer, thirty one cases of fibroadenoma and ten healthy individuals constituted the material for the study. They were exposed to radiation (gamma rays: 2Gy) and the first metaphases were analysed to record the incidence of chromosomal aberrations, consisting of acentric fragments, double minutes, rings and dicentrics. It is suggested that each laboratory should establish its own control dose response data for radiation (Coskun et al. 2000) and this study is an attempt in that direction.
The frequency of dicentrics observed in the control set of healthy individuals is comparable to the data presented by Slyper et al. (2000) and Coskun et al. (2000) . The increased presence of double minutes in breast cancer patients is suggestive of the role of gene amplification in carcinogenesis (Gebhart et al. 1986 ; Madhavi et al. 1990 ). The type of chromosomal aberrations is dependent on the stage of the cell at which it is exposed to radiation. Double strand breaks which fail to repair leads to cell lethality (Iliakis and Pantelias 1990) .
Higher radiosensitivity observed in the lymphocytes of breast cancer patients is in agreement with the findings of Matsubara et al. (1988) , Barrios et al. (1990) , Wojcik et al. (2003) and of Baeyens et al. (2005) . Jones et al. (1995) , had determined radiosensitivity of breast cancer patients employing chromosomal abnormality assay. Baeyens et al. (2004) carried out a detailed study on chromosomal radiosensitivity of familial breast cancer patients carrying mutation in BRCA1 or BRCA2 and compared the findings to USHA KUMARI AND G.K. BHAT Chromosomal mutagen sensitivity associated with BRCA genes was also investigated by Speit and Trenz (2004) .
The observations from this study also indicates that with an increase in the age of the individuals, there is increase in radiosensitivity and the observations are in agreement with those of Joksie et al. (2004) . The necessity to develop simple evaluation procedure is to predict tissue response to radiotherapy with a view to lessen morbidity rate and to increase the dose of radiation in resistant individuals, as has been stressed by Jones et al. (1995) . The findings recorded in this study provide data on the radiosensitivity of healthy individuals, patients with fibroadenoma or with breast cancer. Fibroadenoma is considered a precancerous condition and frequency of chromosomal aberrations also indicate this phenomenon in comparison with normal cells and cells of breast cancer patients. It is suggested that such an assessment needs to be carried out on patients who are advised radiotherapy, before they are subjected to irradiation.
